METHODS
Isolation ofCoated Vesicles. Placentae at term were obtained at the Maternity Hospital (Cambridge, England) and processed within 2 hr of delivery. The superficial membranes, blood vessels, and cord are removed and the tissue is cut up, teased out, and rinsed in ice-cold Tris HCl-buffered saline, pH 7.2. Subsequent procedures are carried out at 0-4°C. The placental fragments are suspended in 3 vol ofHepes buffer (10 mM Hepes buffer, pH 7.2, containing 0.15 M NaCl, 1 mM EGTA, 0.5 mM MgCl2, 0.02% NaN3, and 0.2 mM phenylmethylsulfonyl fluoride), homogenized for 1 min at top speed in a Waring blender, and centrifuged at 1000 X g for 30 min. Pancreatic RNase (Worthington, 10 units/ml) is added to the supernatant, which is incubated at room temperature for 30 min and recentrifuged at 55,000 X g for 1 hr. The pellets (from one placenta) are resuspended in the above Hepes buffer, layered onto three 50-ml 10-90% 2H20 gradients (containing the Hepes buffer throughout) and centrifuged at 45,000 X g for 30 min. The total supernatants, excluding any very turbid fractions above the solid residues, are pooled and diluted 1:3, and the crude coated vesicles, contaminated mainly with smooth vesicles, are pelleted at 100,000 x g for 1 hr. The pellets are resuspended in the Hepes buffer containing 1% Triton X-100 to the same volume from which they were centrifuged and then left standing at room temperature for 30 min. The extracts are cleared at 10,000 x g for 10 min and then centrifuged at 100,000 X g for 1 hr. The pellets are resuspended in a small volume ofthe Hepes buffer containing 1% Triton X-100, layered onto a second 10-90% 2H20 gradient (12 ml) containing the Hepes buffer plus 1% Triton X-100 throughout, and centrifuged at 45,000 X g for 25 min. The pellet is discarded and the fractions richest in clathrin (monitored on a NaDodSOjpolyacrylamide gel) are pooled, diluted 1:3 in the Hepes buffer, and centrifuged at 100,000 x g for 1 hr. The purified Triton X-100-extracted coated vesicles (TCVs) are resuspended in the Hepes buffer and stored at 0-40C.
Alternatively, the crude coated vesicles from the first 10-90% 2H20 gradient are layered onto a gradient from 9% 2H20/2% Ficoll to 90% 2H20/20% Ficoll (the Ficoll was obtained from Sigma and extensively dialyzed against H20 and freeze dried before use) containing the Hepes buffer throughout, and centrifuged at 80,000 X g for 16 hr. The coated vesicles sediment to the lowest region of the gradient and are washed and concentrated by centrifugation. Protein concentration was estimated by the method ofLowry et al. (15) , hexose content by an indole assay (16) , and phospholipid content as described by McClare (17) . NaDodSOJ polyacrylamide gel electrophoresis was carried out as before (12, 18) . Electron Microscopy. Generally, samples were negatively stained in unbuffered 1% uranyl acetate (19) on holey carbon films attached to specimen grids and were examined in a Philips EM301 microscope operating at 80 kV at a magnification of x25,000 or x45,000. TCVs on grids were washed with several drops of the Hepes buffer to remove any remaining Triton X-100 before staining. To disrupt the clathrin cages ofTCVs, samples on grids were treated with seven successive drops of 6.7
Abbreviation: TCV, Triton X-100-extracted coated vesicle. 451 The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisenmnt" in accordance with 18 U. S. C. §1734 solely to indicate this fact. parts 0.02 M Tris buffer (pH 7.5)/2 M urea/i mM EDTA to 3.3 parts 0.01 M Mes buffer (pH 6.5). To visualize the ferritin associated with the TCVs, samples were stained with a solution of 1% glucose containing 0.05% uranyl acetate.
Antibody Staining ofGel Replicas. Proteins were transferred from small slab polyacrylamide gels to nitrocellulose sheets by electrophoresis (20) . The "replicas" were washed first in 50 mM Tris HCl buffer (pH 7.4)/150 mM NaCl/5 mM EDTA/0.25% gelatin/0.05% Nonidet P-40/0.02% NaN3 and then incubated (2-12 hr) in appropriate sera diluted 1:100 in this buffer. The sera used were rabbit anti-human IgG (kindly provided by M. J. Hobart) and rabbit anti-transferrin (Miles). The replicas were rewashed and allowed to react (1 hr) with a solution (approximately 2 x 106 cpm/10 ml) of "2I-labeled Staphylococcus aureus protein A (Pharmacia) (21 (23) . Fractions from the column were reassembled by dialysis against 0.1 M Mes buffer (pH 6.5) containing 1 mM MgCl2, 0.2 mM EDTA, and 0.02% NaN3 (23, 24) . RESULTS Coated Particles Extracted with Triton X-100 (TCVs). An electron micrograph of TCVs is shown in Fig. 1A A typical analysis of a sample of TCVs by electrophoresis on a NaDodSOgpolyacrylamide gel is shown in Fig. 2 , lane a. Clathrin, the major 180,000 molecular weight polypeptide of coats (12) , is the most prominent band. Apart from clathrin, other proteins characteristic of coated vesicles are shown (13), in particular those of 100,000 and 50,000 molecular weight and a doublet of clathrin light chains of about 32,000 molecular weight. Also visible is a fine background of many other species, including a polypeptide that migrates with the same mobility as IgG heavy chain. The same spectrum of polypeptides is observed in a sample ofcoated vesicles prepared on a H20/Ficoll gradient. For comparison with the TCVs, electron micrographs of a 2H20/Ficoll density gradient preparation are presented in Fig. 1 B and C, which shows the presence ofvesicles inside coats of different sizes.
Generally the yield of coated particles, after Triton extraction, is between 7 and 10 mg ofprotein from one placenta. The preparation consists of about 75-0% protein, 20-25% lipid, and 1-2% carbohydrate.
One way of observing the material held within the clathrin cages is to apply samples of TCVs to electron microscope grids and to wash them with several drops ofa urea-containing buffer, which disrupts the clathrin, before staining in 1% uranyl acetate. The resulting preparation (Fig. 1D) consists of"cores" of material surrounded by a "halo" ofclathrin molecules and cage fragments. The cores look more like protein aggregates than vesicles, suggesting that the lipid bilayers ofthe original coated vesicles have been affected by the Triton treatment.
Ferritin Association with Placental Coated Vesicles. The most striking feature ofthese TCV and 2H20/Ficoll coated vesicle preparations is their ferritin content. The peak clathrin-containing fractions of the final 1H20/2H20 gradient of the TCV preparation are brown with ferritin, as are the final suspensions of purified particles. In contrast, exogenous ferritin added at the beginning of either purification procedure is removed. In order to see whether the ferritin is contained in the coated particles, samples of TCVs were applied to electron microscope grids and stained with several drops of a mixture of 1% glucose and 0.05% uranyl acetate. This allows both the particles and the ferritin molecules to be seen simultaneously, as shown in Fig.  3 . Approximately 65% of the ferritin molecules appear to be associated with TCVs. About 40% of the TCVs encompass one or more (up to six) molecules of ferritin, while the remainder lack ferritin. Those associated with ferritin have an average of 1.4 ferritin molecules each. When the coated particles are disrupted by dialysis in buffer D (which contains 2 M urea) the bulk of the ferritin is released into solution. IgG and Transferrin. IgG and transferrin, molecules involved in maternal-fetal transfer of passive immunity and iron, respectively, are also present in these preparations of TCVs.
Both proteins were detected by using "WI-labeled S. aureus protein A and appropriate antisera to stain nitrocellulose blots of samples of TCV polypeptides analyzed by NaDodSOJpolyacrylamide gel electrophoresis. The first peak (I) to elute contains particles (Fig. 6A) corresponding to constituents of the cores seen previously by electron microscopy (Fig. 1D) . These particles contain clathrin, 100,000-dalton polypeptide, and 50,000-dalton polypeptide, apparently in the ratio 2 (or more):2:1 as estimated by gel densitometry (see Fig. 2 , lane b, for gel profile). The clathrin in this fraction seems to be in equilibrium with the clathrin trimers (triskelions), the bulk of which elute in peak II. Clathrin triskelions can be repolymerized to form empty cages at pH 6. (23) . The core particles from peak I also reassemble in these conditions to form a relatively homogeneous population of structures (Fig. 6B) (27) . The belief that this transfer occurs via coated vesicles, based on earlier morphological evidence (4, 9, 10), is supported here.
Triton X-100 extraction provides a rapid, efficient method for purifying coated particles (TCVs), possibly derived from both coated pits and coated vesicles. The method has also been used successfully to obtain TCVs from hybridoma cells [H6/ 31 (28) ]. An alternative step to purifying placental coated vesicles from the crude pellet, derived from the initial 10-90% 2H20 gradient, might be to remove microvillar membranes by precipitation with wheat-germ agglutinin (11) .
The TCVs prove to be a useful starting material for separating the protein components of the coated organelles. They appear to lack the lipid bilayer of vesicles, as previously observed by Woodward and Roth (29) in thin sections of coated vesicles treated with Triton X-100. Disruption ofthe clathrin cages ofthe TCVs releases the content molecules originally bounded by the vesicles and also reveals core particles, which retain some bound clathrin in the conditions used. Recent work (30) suggests that the clathrin triskelions bind to the 100,000-dalton component ofthese cores, which can be extracted from the cytoplasmic surfaces of the vesicles. The core particles are capable of reassembly to fairly dense-looking structures, reminiscent of small TCVs, but presumably depleted in clathrin. Perhaps these proteins, underlying the clathrin cage, form the core of the molecular filter; binding specific receptors in the membrane but, by forming a close-packed structure, excluding others. 
